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Abstract 
This work aimed at developing powders rich in antioxidant compounds and 
pigments from three berries grown in argentine Patagonia: blackcurrant, 
raspberry and elderberry. Ultrasound-assisted extraction (UAE) was applied on 
the precipitates generated after juice production in order to improve bioactive 
compounds recovery. The best extracts (UAE 10 min for raspberry and 
blackcurrant, and 5 min for elderberry), obtained after 2-3 extraction cycles 
were mixed and spray-dried. The glass transition temperatures (43-50°C), and 
the low water content (0.92-1.44 %) and water activity values (<0.06) of the 
powders suggest that they could be stored at room temperature without risk of 
physical deterioration. Elderberry and blackcurrant powders showed good 
flowability and low cohesiveness while raspberry powders presented an 
intermediate cohesiveness and fair flowability. This was consistent with the 
smooth surface and the less shrinkage of the raspberry powder particles 
observed by microscopy. Elderberry powders presented higher concentration of 
bioactive compounds (polyphenols content 4.57±0.23 mg gallic acid (GA)/g d.m. 
and monomeric anthocyanins content 2.39±0.12 mg cyd-3-glu/g d.m.), and 
higher antioxidant capacity (3.33±0.57mg GA/ g d.m.) when compared to 
raspberry and blackcurrant. The obtained powders result possible ingredients to 
be used as natural colorants or antioxidants.  
 
Keywords 
Berries; Ultrasound-assisted extraction; Bioactive compounds; Spray-drying 
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1. Introduction 
Berries are a rich source of bioactive compounds such as anthocyanins, 
flavonols and polyphenols, which contribute to their antioxidant activity and 
different biological functions [1-3]. Anthocyanins have demonstrated promising 
health-promoting properties like anti-inflammatory, immunomodulatory, 
antimicrobial, improvement of vision and neuroprotective effects [4-8]. Because 
of these properties and, given their good taste and appearance, consumer 
demand of this type of fruits has been growing. Due to their high respiration 
rate, berries exhibit a very short postharvest life [9]. For this reason, there is 
increasing interest in developing processed berry products that can be 
consumed as is or incorporated as ingredients in different kinds of food. 
Additionally, the high level of anthocyanins found in these fruits offers 
interesting applications as natural food colorants [10,11]. However, the use of 
anthocyanins as colorants may face some problems due to the stability loss 
during storage caused by temperature, oxygen, and light [12]. In order to 
overcome these difficulties and preserve the bioactive compounds, 
encapsulation technologies, such as spray drying can be applied [13].  
Fruit powders are glassy materials, therefore, they are prone to suffer changes 
related to glass transition, like stickiness, caking, and collapse [14,15],  as 
wellas color changes [16]. For that reason, the addition of an appropriate carrier 
matrix is relevant to get physically stable and non-sticky powders. Many 
researchers published studies about encapsulation byspray-drying of 
anthocyanins from different sources like fruit juices or extracts from 
pomegranate [17], blackmulberry [18], and extracts of Garcinia indica Choisy 
[19], and black carrot [13]. Some studies were conducted to obtain spray-dried 
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powders from other berry juices (blackberry, blackcurrant, raspberry) and using 
maltodextrin as carrier matrix [20,21].  
Upon fruit juice extraction, particularly from berries, a solid residue rich in 
phenolic compounds can be obtained. Therefore, by applying an appropriate 
extraction method it is possible to take advantage of the valuable components 
present in this residue. Conventional solvent extraction procedures take long 
times, and can deteriorate anthocyanins [22,23]. Currently, there is a growing 
demand for extraction procedures that reduce the extraction time, the energy 
consumption, and the use of unsafe solvents. An alternative technique is 
ultrasound-assisted extraction (UAE), which has shown a positive effect on 
phenolic compounds extraction from several fruit sources [24,25]. In the case of 
berries, several authors applied UAE to obtain extracts:raspberry [26] and black 
chokeberry [27]. Also, Galván d’Alessandro et al. [28] applied UAE to the 
wastes of black chokeberry juice extraction and recovered extracts rich in 
anthocyanins and polyphenols. 
The objectives of the present work were: 1) Improve the extraction of bioactive 
compounds by UAE from blackcurrant, raspberry and elderberry fruits; and 2) 
Use the spray-drying process to dehydrate the optimized berry extracts and 
characterize the physical and functional properties of the powders with the 
potential use as healthy food colorants or functional ingredients. This study will 
also support the development of products with more added value for the 
growing industry of berry fruits. 
 
2. Materials and methods 
2.1. Fruits 
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Three types of berries grown in Patagonia Argentina where used: blackcurrant 
(Ribes nigrum) of the Titania cultivar, raspberry (Rubus idaeus L.) of the 
Autumn Bliss cultivar and elderberry (Sambucus nigra). The fruit was purchased 
frozen by individual quick-freezing (IQF) technology at a local market and stored 
at -18°C until use. 
 
2.1.1. Fruits characterization 
A characterization according to AOAC methods [29] was done: soluble solids 
(932.12), acidity (945.26), pH (945.27). Moisture was determined according to 
Código Alimentario Argentino (CAA) [30], method 13.21 (1989). 
 
2.1.2. Preparation of fruit extracts 
The following steps were taken: thawing of the frozen fruit under controlled 
conditions (bath at 40–45°C), steam blanching (100°C) for 60 seconds, addition 
of water in the ratio 2:1 (water:fruit), milling for 60 seconds and 10 minutes rest 
in ice bath. The resulting product was divided in three fractions. Two of the 
fractions were subjected to ultrasound treatment in an ice bath for 5 min (U5) 
and 10 min (U10) using an UP100H ultrasonic processor (Teltow, Germany) at 
a frequency of 30 kHz and 100% amplitude. The third fraction did not receive 
ultrasound treatment (C).The samples were then centrifuged (4°C, 9000 rpm) 
for 20 minutes. The remaining solid was separated from the supernatant and it 
was weighed. Water was added to the precipitate in a ratio 2:1 (water:fruit), and 
the corresponding treatment (U5, U10 or C) was applied. This procedure was 
done once for raspberry and twice for blackcurrant and elderberry. Functional 
properties (total phenolic content, antioxidant capacity and monomeric 
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anthocyanin content) were analyzed after each extraction cycle to select the 
best pretreatment (U5, U10 or C) for each fruit. Once the best treatment for 
each berry was selected, the supernatants of the consecutive treatments were 
collected to obtain one pool of extracts for each fruit. The total soluble solids 
content of each pooled extract was determined. The obtained values were: 2.9 
± 0.1; 3.10 ± 0.05 and 2.23 ± 0.06 per 100g of extract for raspberry, 
blackcurrant and elderberry, respectively. 
 
2.2. Drying process 
Some selected extracts were spray-dried using as carrier matrix (20% w/w) 
maltodextrin (MD) DE 12 from Givaudan S.A. (Buenos Aires, Argentina). The 
MD:fruit solids proportion was 8.6, 8.06 and 11.2 for raspberry, blackcurrant and 
elderberry, respectively. A laboratory scale device, Mini Spray Dryer BüchiB290 
(Flawil, Switzerland) was used. 
The operational conditions of the drying process were: inlet air temperature of 
170 ± 3 °C, flow rate 8mL min-1, air pressure 3.2 bar, and nozzle diameter 1.5 
mm. Once obtained, the powders were collected into sealed polyvinylidene 
chloride bags or in individual vials and then stored at -18°C. 
 
2.3. Physical Properties 
All measurements were made in triplicate and the average values were 
informed. 
 
2.3.1. Water content determination 
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Karl Fisher titration was carried out at 25 °C with a Karl Fisher TIM 980 titration 
manager (Radiometer Analytical, France), applying the one component 
technique with Hydranal Titrant Composite 5 from Riedel-de Haën (Seelze, 
Germany). Pure methanol was used as solvent and they were purchased from 
Biopack (Buenos Aires, Argentina). Approximately 20mg samples were 
analyzed. 
 
2.3.2. Water sorption isotherms 
The water sorption isotherms were determined by the static isopiestic method 
(n=3). The humidification of samples was performed at 20 °C. Approximately 1g 
of fruit powders were put into vacuum desiccators over saturated salt solutions 
from 11% to 52% relative humidity (Greenspan, 1977). The “equilibrium” was 
determined when samples achieved constant weight. 
 
2.3.3. Water Activity 
Water activity was measured using an electronic dew point water activity meter 
Aqualab Series 3TE (Decagon Devices, Pullman, Washington, USA). 
 
2.3.4. Thermal Transitions 
Glass transitions were determined by differential scanning calorimetry (DSC; 
onset values) using a DSC 822e Mettler Toledo calorimeter (Schwerzenbach, 
Switzerland). The instrument was calibrated with indium (156.6 °C), lead (327.5 
°C), and zinc (419.6 °C). All measurements were performed at a heating rate of 
10°C/min. Hermetically sealed 40 mL medium pressure pans were used (an 
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empty pan served as reference). Thermograms were evaluated using Mettler 
Stare program.  
 
2.3.5. Superficial Color 
Superficial color was determined by photocolorimetry using a handheld 
colorimeter (Minolta Co, model CR400, Japan). Color functions were calculated 
for illuminant C at 2° standard observer and in the CIELAB uniform color space. 
L* (brightness/darkness), a* (redness/greenness), and b* (yellowness/ 
blueness) values were obtained. Measurements were performed using glass 
vials containing enough powder to complete 1 cm height. A white cylindrical cup 
was used to cover the vial and standardize the measurements. 
 
2.3.6. Solubility 
Solubility was determined according to Franceschinis et al. [20] with some 
modifications. 0.5g of juice powder was hydrated in 50 mL distilled water and 
centrifuged at 3000 g during 5 min. Supernatant (10 mL) was transferred to a 
glass capsule and oven-dried at 105°C up to constant weight. Solubility (%) was 
calculated by weight difference. 
 
2.3.7. Bulk and Compacted Density, flowability (Carr index) and cohesiveness 
(Hausner ratio). 
Bulk density (g/mL) was determined according to Jinapong et al. [31] with some 
modifications by measuring mass with an analytical balance and volume using a 
graduated cylinder. The volume occupied by 0.6 g of berry powders in a 10 mL 
cylinder was determined. The volume occupied by the same sample of powder 
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after holding the cylinder on a vortex vibrator for 1 minute was determined to 
inform the compacted density (g/mL). 
The Hausner ratio (H) was related to the powder cohesiveness (Eq. 1) where 
levels below 1.2 are considered low, between 1.2-1.4 are intermediate and 
above 1.5 are high [31]. The classification of powder flowability was based on 
Carr´s compressibility index (CI) (Eq. 2). The following scale was used: a) CI = 
10 is excellent, b) 11 <CI< 15is good; c) 16 <CI< 20is fair; d) 21 <CI< 
25isacceptable; and e) 26 <CI< 31ispoor [32].  
 
𝐻 =   (𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦)/(𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦) (1) 
𝐶𝐼 = (𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦)/(𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦)(2)  
 
2.3.8. Hygroscopicity 
Hygroscopicity was determined using Swaminathan et al. [33] method with 
slight modifications. 1 g of powder was placed in a closed desiccator at 25ºC 
containing a saturated solution of NaCl (75% RH). Duplicate samples were 
weighed periodically during nine days, and hygroscopicity was expressed as the 
average of grams of adsorbed water per 100 grams of dry matter (g a.w./100 g 
d.m.). 
 
2.3.9. Particle Morphology and Size Distribution 
The microstructural characteristics of powders were analyzed by scanning 
electron microscopy (SEM) using a Zeiss microscope Supra 40 (Oberkochen, 
Germany). The samples were placed in an aluminum support using a double-
sided adhesive tape conductive carbon and then coated with gold nanoparticles 
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using a sputter coater (Cressington Scientific Instruments 108). The images 
were taken with the detector within the lens, using an acceleration voltage of 
3.00 kV. 
Particle size distribution was measured using a laser light diffraction instrument 
under the dry powder method (LA 950 V2, Horiba, Kyoto, Japan). Average 
particle size was expressed as volume mean diameter D[4,3], and the 
distribution width was characterized in terms of span (Eq. 3). The span index 
was calculated as follows: 
 
Span=((D90-D10))/D50       (3) 
 
where D90, D50and D10are the diameters for which 90%, 50% and 10% of the 
population is below each value, respectively. The closer the span value is to 1, 
the narrower the particle size distribution [34].  
 
2.4. Chemical and Functional Properties 
All measurements were made in triplicate and the average values were 
informed. In the case of powders, all determinations were done on the 
reconstituted extract, which was prepared as follows: approximately 0.5 g of 
each powder was dissolved in 2.5 mL distilled water. A spectrophotometer 
ultraviolet-visible Jasco V-630 (Tokyo, Japan) was used in all cases.  
 
2.4.1. Soluble Solids, Total Acidity and pH 
The soluble solids content was analyzed by measuring the refraction index in a 
digital refractometer model AR200 (Reichert, USA) at 25 °C. Total acidity was 
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expressed as percent of citric acid (%, wet basis). A pH meter model 340 
(Mettler Toledo, UK) was used for pH and total acidity measurements. 
 
2.4.2. Berry extracts for measurement 
Methanolic extracts of samples (frozen fruits, extracts and reconstituted 
powders) were prepared and used for total phenolic content (TPC) and 
antioxidant capacity (AC) measurements. For extract preparation, 1 g of sample 
was homogenized in 5 mL of absolute methanol, shaken for 5min using a 
magnetic stirrer and filtered under vacuum using a Büchner funnel. The pellet 
was extracted again with 5 mL of absolute methanol. The extracts were 
combined, and methanol was added to constitute a total volume of 10 mL. 
Ethanolic extracts of samples (frozen fruits, extracts and reconstituted powders) 
were prepared and used for monomeric anthocyanin content (ACY). For extract 
preparation, 1 g of the sample was homogenized in 5 mL of ethanol acidified 
with hydrochloric acid, shaken for 15min using a magnetic stirrer and filtered 
under vacuum using a Büchner funnel. The pellet was extracted again with 5 
mL of ethanol acidified with hydrochloric acid. The extracts were combined, and 
ethanol was added to constitute a total volume of 10 mL. 
In the case of frozen fruits prior to weighing, they were thawed (water bath at 
40–45°C) and milled for 60 seconds.  
 
2.4.3. Total phenolic content (TPC) 
Total phenolic content was determined using the Folin–Ciocalteu reagent 
according to Singleton and Rossi [35] with some modifications. 100 µL of 
extract was mixed with 900 µL water, 100 µL Folin–Ciocalteu reagent and 600 
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µL 20% sodium carbonate in 1.5N NaOH. After incubation during 25 min at40 
°C and centrifugation (10000 rpm, 5 min), the supernatant absorbance was 
measured at 765 nm.  
 
2.4.4. Antioxidant capacity (AA) 
Antioxidant capacity was measured using the bleaching method of 2,20-
azinobis-[3-ethylbenzothiazoline-6-sulfonic acid] radical cation (ABTS+.), 
according to Coria Cayupán et al. [36]. ABTS was dissolved in distilled water to 
yield a 7mM solution. Radical cation solution was prepared by incubating the 
ABTS solution with a 2.45mMpotassium persulfate solution for 16 h in the dark 
at room temperature and subsequently diluted with phosphate buffer to a final 
absorbance of 1.00±0.01 at 734 nm. For antioxidant capacity determination, 0.1 
mL of sample extract was added with 1.9 mL of the ABTS+. solution and 
incubated at 25°C for 30 min. The decrease in absorbance at 734nm was 
monitored. A calibration curve was done with gallic acid as standard. The 
results were expressed as gallic acid equivalents in milligrams per 1 g of dry 
matter. 
 
2.4.5. Monomeric anthocyanin content (ACY) 
ACY was determined using the pH differential method [37]. A 1:3 (extract:buffer) 
dilution was performed using buffer solution of pH 1.0 or 4.5.The samples were 
left in the dark for 15 min and the absorbances at 510 and 700 nm were then 
measured. Monomeric anthocyanins content was expressed as cyanidin-3-
glucoside (MW: 445.2 and a molar extinction coefficient =26 900 L cm-1 mol-1) 
per 1g of dry matter using eq. (4) and (5). 
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𝐴 = (𝐴510 − 𝐴700)𝑃ℎ1,0 − (𝐴510 − 𝐴700)𝑃ℎ4,5    (4) 
 
𝐴𝐶𝑌 = ((𝐴 × 𝑀𝑊 × 𝐷𝐹 × 1000))/((Ԑ ×  𝑙 ))                                  (5) 
 
2.4.6. Polymeric color percentage (%PC) 
The percent of polymeric color was expressed as a % of total color density 
(%PC = PC/CD x 100). Color density (CD) and polymeric color (PC) parameters 
were determined using the bisulfite bleaching method, according to [38]. Total 
color density is a measure of the total color strength of the sample solution, it 
was calculated as follows:  
 
𝐶𝐷 = [(𝐴𝑏𝑠420𝑛𝑚 − 𝐴𝑏𝑠700𝑛𝑚) + (𝐴𝑏𝑠vis−max − 𝐴𝑏𝑠700𝑛𝑚)] × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (6) 
 
Polymeric color, an indicator of polymerized pigments, including tannins, and 
brown compounds was calculated by using the same equation as for CD but 
applied to bleached samples, assuming that only monomeric anthocyanins get 
bleached. 
 
2.5. Statistical analysis 
Statistical analysis was performed using GraphPad Prism 6 (California, USA, 
2014) and InfoStat statistic Software (Córdoba, Argentina). An ANOVA analysis 
and the Tukey’s test were carried out to detect differences (p<0.05) between 
treatments.  
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3. Results and discussion 
Table 1 shows the characterization of the three studied fruits: raspberry, 
blackcurrant and elderberry. There is a vast bibliography that evidences the 
strong variability of ACY and TPC values and AA in berries due to numerous 
factors including: species and cultivar, harvest season, field management 
practices, ripeness grade and environmental conditions, among others [39-43]. 
Ultrasound assisted extraction (UAS) was used to improve bioactive 
compounds extraction from the fruits. The used treatments were: control, 
application of ultrasound for 5 min (U5) and 10 min (U10); after one, two or 
three extraction cycles. Bioactive compounds concentration (ACY and TPC), as 
well as antioxidant capacity were determined in order to evaluate the 
performance of the different treatments (Figure 1). Blackcurrant (Figure 1b) 
and elderberry (Figure 1c) received three extraction cycles, while for raspberry 
(Figure 1a) only two extraction cycles were performed as there was no 
improvement on bioactive compounds after the third stage. The observed 
trends for ACY were similar to those presented for TPC and AA. Main effects of 
both factors (p < 0.05) “ultrasound treatment” and “extraction cycle” were 
observed for all response variables. Nevertheless, it could be highlighted that in 
the case of raspberries, the AA variable presented significant interaction 
between the factors (Figure 1(3)a). Elderberry showed the highest bioactive 
values, followed by blackcurrant and raspberry. In spite of the first extraction 
cycle showed significantly higher values of ACY (Figure 1(1)), TPC (Figure 
1(2)) and AA (Figure 1(3)) than the following ones, all the obtained extracts 
were considered relevant for a fruit powder development, taking into account 
that the aim of this work was to recover as much as possible the bioactive 
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compounds from the fruits. Globally analyzing the bioactive content obtained 
after each ultrasound treatment, an extraction method was selected for each 
fruit: U10 was the most appropriate for raspberry and blackcurrant, and U5 for 
elderberry. After applying the optimum treatment, one pool was obtained from 
each fruit by collecting the supernatant of the consecutive treatments. Then, 
maltodextrin was added to the extracts (20% w/w) to produce the fluid feeds for 
spray-drying. After spray-drying the three fruit powders were analyzed, taking 
into account both bioactive compounds and physical properties. Figure 2 shows 
the total phenolic content (a), anthocyanins content (b) and antioxidant activity 
(c) of the three fruit powders. The ACY loss upon spray drying was lower than 
8% in all cases. Bakowska-Barczak and Kolodziejczyk [44] observed that at 
inlet temperatures lower than180 °C no significant changes in anthocyanins 
content was detected in blackcurrant spray-dried powders. Silva et al. [45] 
reported that 180 °C was the optimum inlet temperature to obtain high retention 
of anthocyanins in jaboticaba peel extract containing 30% MD. On the other 
hand, an increase in TPC and AA was detected. These results are in 
accordance with those reported by Poonam Mishra et al. [46], who attributed 
the TPC increase to polymerization and synthesis of polyphenols due to high 
temperatures. 
When analyzing the ACY content of the fruit powders (Figure 2) in comparison 
with those of the fruits (Table 1), it can be observed that the proportion of ACY 
decrease observed for blackcurrant powder was much higher than that 
observed for elderberry powder. Therefore, we analyzed the percentage of 
polymeric color (%PC) in order to evaluate the formation of polymeric 
compounds which are not detected by the method used to measure ACY. %PC 
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values were 3.59 ± 0.05, and 2.1 ± 0.6, for blackcurrant and elderberry, 
respectively. Blackcurrant powder presented higher %PC values than 
elderberry ones. This fact together with a differential behavior of each fruit due 
to divergence in composition could account for the observed behavior. 
The superficial color variables for the three studied powders are shown in 
Figure 3. Positive a* values were obtained in all cases, having blackcurrant the 
highest a* value, consistent with the intense reddish tone of this fruit. Regarding 
b* parameter, elderberry and blackcurrant showed negative values, related to 
the purple shade of these fruits in comparison to raspberry, that showed a 
positive b* value and a red/orange hue. Regarding luminosity, elderberry 
powder was the darkest one, followed by blackcurrant and raspberry. 
Murugesan and Orsat [47] studied the behavior of spray-dried elderberry juices 
using different matrices (maltodextrin, soy milk powder, soy protein powder, 
isolated soy protein and gum acacia). They concluded that the use of 
maltodextrin minimizes the variation of chromatic values in comparison with 
others carriers.  
Table 2 shows the results of the measurement of several physical properties to 
the berry powders. Water activity and water content values were relatively low, 
and glass transition temperature (Tg) values were well above 25°C, suggesting 
that these glassy powders could be stored at room temperature without risk of 
physical deterioration. Bakowska-Barczak and Kolodziejczyk [44] reported 5.5% 
water content for blackcurrant powders containing maltodextrin added to reach 
35°Brix. 
The three studied powders showed high solubility values (above 90%). Also, 
Hausner ratio values indicate that elderberry and blackcurrant powders have 
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low cohesiveness, while raspberry powder has an intermediate cohesiveness 
according to Jinapong et al. [31].On the other hand, elderberry powder showed 
very low Carr index, indicating an excellent flowability, while blackcurrant 
powders showed a good flowability and raspberry powders presented higher CI 
values related to a fair flowability. Swaminathan et al. [33] when studying spray-
drying of jamun fruit juice with 15 to 30% MD (20 DE) as carrier agent obtained 
powders with high cohesiveness, with Hausner ratio values ranging from 1.57 to 
1.72,and poor flowability, with CI values from36 to 42. Caliskan and Dirim [48] 
reported results similar to Swaminathan et al. [33] in their study of spray-dried 
powder of sumac extract with 20% MD (DE10–12) as matrix. They reported a 
Hausner ratio value of 1.5 and a CI value of 34. 
Figure 4 shows the external morphology of raspberry (Fig. 4a), blackcurrant 
(Fig. 4b), and elderberry (Fig. 4c) spray-dried powders. Usually, upon spray-
drying spherical particles are produced, as this is the more stable droplet shape 
[49]. For all the analyzed fruit powders, spherical particles with some degree of 
shrinkage were obtained. Similar results were observed for blackberry powders 
spray dried with maltodextrin as carrier [20].  
In general, powders flowability depends on the particle shape and size, showing 
better flow properties the more spherical particles. In the case of small particles 
(<50 m) interparticle adhesive forces are significant, and roughness on the 
surface can obstruct the ability of particles to approach each other. Then, rough 
particles may show better flowability properties than smooth ones [50]. In the 
case of the fruit powders, although the spray-dried particles were smaller than 
50m (Table 3), adequate flow properties were obtained. This fact could be 
related to the shrinkage of the spherical particles, which was more evident for 
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elderberry and blackcurrant powders (Figure 4). Raspberry powders showed a 
smooth surface and less shrinkage than the other studied powders, and this 
could be related with the lower flowability detected in this powder. 
Bulk density values were in the range of those reported by Franceschinis et al. 
[20] for blackberry powders and Fazaeli et al. [18] for black mulberry powders. 
Regarding hygroscopicity, all the analyzed powders showed similar values. 
Muzaffar et al. [51] optimized the spray drying conditions for production of 
quality pomegranate juice powder, and the hygroscopicity range proposed to 
meet the optimum characteristics was between 10.84 and 15.42. Our results fall 
within the suggested hygroscopicity range. Similar results were reported by 
Tonon et al. [52] for açai spray dried powder. 
Figure 5 shows the water content and the glass transition temperature as a 
function of water activity for the three fruit powders. A similar water sorption 
(filled symbols) behavior was observed among the analyzed powders, being 
blackcurrant the one that adsorbed less water in the range of aw studied. The 
glass transition temperature curves (open symbols) indicate that all the powders 
maintained the glassy state at room temperature (20ºC) up to 52 %RH. This 
behavior is promising as the three fruit powders show a broad RH range for 
storage in the glassy state. 
All the analyzed powders showed unimodal particle size distribution (Figure 6), 
as previously reported for other spray dried products Gallo et al. [53]. The mean 
volume particle diameter (D4,3) was between 6 and 9 m, showing elderberry 
the smaller particle size and blackcurrant the bigger particle size (Table 3). This 
size difference could be attributed, at least in part, to the higher MD proportion 
present in elderberry powders. Also, span was calculated considering the D10, 
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D50 and D90 values (Table 3); the observed span value for elderberry powder 
was close to 1, indicating that the size distribution was narrow. In the case of 
raspberry and blackcurrant powders, the span value was higher indicating a 
broader size distribution, as it can also be seen in Figure 6. Therefore, the type 
of fruit extract influenced the particle size. 
Syamaladevi et al. [54] found similar values of particle diameter for 
encapsulated red raspberry powder with pre-treatment of high-pressure 
homogenization. Tonon et al. [52] reported comparable range of particle sizes in 
spray dried açai juice. 
 
4. Conclusions 
Three powders of different physical and bioactive properties were obtained from 
berries grown in argentine Patagonian. We could increase the recovery of 
phytochemicals of each fruit improving the extraction process by the application 
of UAE and several extraction steps. UAE proved to be a satisfactory procedure 
to improve bioactive compounds extraction. The three berry powders showed 
low values of aw and water content and high values of glass transition 
temperature and solubility. In addition, relatively good flow properties were 
detected. Altogether the observed physical properties suggest that these 
powders could be used as stable and versatile ingredients for the food, 
cosmetic and pharmaceutical industries. Moreover, important differences in 
color were observed, suggesting their possible applications as natural colorants 
in several foodstuffs and cosmetics. Also, the powders presented high 
concentration of phenolic compounds and high antioxidant capacity, suggesting 
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that they could result in an attractive contribution if used as ingredients in 
functional foods.  
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Table 1 - Characterization of raspberry, blackcurrant and elderberry frozen 
fruits. Total monomeric anthocyanins (ACY), total phenolic content (TPC), 
antioxidant activity (AA) 
 
 
Table 2: Physical properties of spray dried raspberry, blackcurrant and 
elderberry powders. 
 Raspberry Blackcurrant Elderberry 
Water content (% drybasis) 1.40 ± 0.12 1.44 ± 0.10 0.92 ± 0.17 
aw <0.058 <0.058 <0.059 
Tg (°C) 50 ± 1 50± 1 43± 1 
Bulk density (g/mL) 0.42 ± 0.02 0.38 ± 0.04 0.38 ± 0.02 
Compacted density (g/mL) 0.52 ± 0.03 0.43 ± 0.04 0.41 ± 0.02 
Hausner ratio 1.23 ± 0.02 1.15 ± 0.05 1.08 ± 0.02 
Carr Index 18.45 ± 1.35 15.35 ± 0.91 5.89 ± 0.24 
Solubility (%) 95.4 ± 1,1 92.5 ± 2.2 93.2 ± 0.1 
Higroscopicity (%) 13.14 ± 0.95 11.8 ± 0.3 12.74 ± 1.50 
 
Table 3:Particle sizes and span index of the spray –dried fruit powders. 
Powder D[4,3] (m) D10(m) D50(m) D90(m) span 
Raspberry 8.48±0.30 4.22±0.19 7.48±0.26 13.41±0.49 1.23 
Property Raspberry Blackcurrant Elderberry 
Water content (g H2O/100 g 
fruit) 
85 ± 3 
78 ± 2 82 ±2 
Total soluble solid (°Brix at 25 
°C) 
16.75 ± 0.07 
16.62 ± 0.36 10.4 ± 0.2 
Total acidity (mg citric acid/100 
g fruit) 
2.08 ± 0.03 
2.83 ± 0.04 1.02 ± 0.04 
pH 2.82 ± 0.01 3.11 ± 0.04 4.20 ± 0.02 
ACY(mg cyn-3-glu/1 g fruit) 0.34 ± 0.02 2.42 ± 0.03 2.30 ± 0.05 
TPC (mg gallic acid/1g fruit) 1.74 ± 0,14 4.32 ± 0.18 7.31±  0.34 
AA (mg gallic acid /1 g fruit) 0.93 ± 0.03 2.47 ± 0.05 5.48 ± 0.20 
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Blackcurrant 9.10±0.10 4.64±0.15 8.33±0.02 14.42±0.42 1.17 
Elderberry 6.06±0.59 3.16±0.55 5.69±0.61 9.53±0.80 1.12 
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Figure 1: Monomeric anthocyanin content (ACY) (1), Total phenolic content 
(TPC) (2) and Antioxidant activity (AA) (3) after first (white bar), second (gray 
bar), and third (black bar) extraction cycles for raspberry (a); blackcurrant (b); 
and elderberry (c). Means with the same letter were not significant different (p < 
0.05). Lowercase letters and uppercase letters were used for main effect of 
factors “ultrasound treatment” and “extraction cycle”, respectively. In Figure 1 
(3)a, interaction between the studied factors was significant (p < 0.05), in this 
case the Tukey test was run for the interaction. 
Figure 2: (a) Total phenolic content (TPC); (b) monomeric anthocyanin content 
(ACY); and (c) antioxidant activity (AA).Raspberry (white bar), blackcurrant 
(gray bar), and elderberry (black bar) powders. Means with a different letter are 
significantly different (p < 0.05). 
Figure 3: b* vs a* (a), and L* (b) color coordinates for the three studied 
powders. 
Figure 4: Scanning electron micrographs of the surface of spray-dried berries 
powders. Raspberry (a); blackcurrant (b); and elderberry (c). The magnification 
was 15000 X.  
Figure 5: Water content (filled symbols) and glass transition temperature (Tg, 
open symbols) as a function of water activity at 20°C, for raspberry (,), 
elderberry (,), and blackcurrant (,). 
Figure 6: Particle size distributions for the spray-dried fruit powders. 
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Highlights 
 
 Berry extracts rich in bioactive compounds obtained by several-steps extraction. 
 Ultrasound-assisted extraction is suitable to rapidly extract bioactive compounds.  
 Berry powders have good physicochemical and functional properties. 
 Spray-dried powders can be used as natural colorant or functional ingredient. 
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